T HE tightening of anions and loosening of cations was demonstrated recently! in an especially simple way by the deviations from additivity of lattice distances and volumes of ionic crystalline substances of high symmetry. The occurrence of these volume effects also in the case of a one-sided interaction of ions has been shown indirectly by considering the individual behavior of the apparent volume of dissolved strong electrolytes.! A direct proof for the one-sided effects can be found in the gradation of interionic distances in the vapor molecules of alkali' and thallous 3 chlorides, bromides and iodides, measured by the electron diffraction method. According to the authors, the values have an accuracy of between ±0.01 and ±0.04A, so that only considerable deviation from additivity can be interpreted with certainty as due to these polarization effects.
In vaporized sodium and potassium halides, the diminution of the size of the anion can be expected to be stronger than the increase of the size of the cation. Since the polarizability increases from Cl-to 1-and the polarizing field of Na+ is stronger than that of K+ one understands that the difference in the interionic distances between K+ and Na+ increases from Cl-(O.2SA) to 1-(0.33, see Fig. 1 ). On the other hand the difference between Cs+ and K+ decreases from Cl-(0.27) to 1-(O.lS) which indicates that at least in the vapor molecules of the CsCl the loosening of Cs+' by Cl-is stronger than the opposite effect.
In their high temperature cubic form TlClO. and RbClO. have' a unit cell of identical edge length (7.7 oA), which confirms V. M. Goldschmidt's conclusion that in crystals in which the polarizing effects are weak, Tl+ and Rb+ are of equal size. The outer electronic system of Tl+ consists of an lS-electron shell with two extra electrons. Cations without a rare gas structure exhibit, in general, stronger polarizing effects on anions than those of rare gas type. On the other hand, the polarizability of Tl+ (Roo = 9.5 cc) is larger even than that of Cs+ (6.5 cc). Thus, the interionic distances of TlCl (3.249) and RbCl (3.24\) at -190°C, where both have the CsCl structure,· show that here the stronger tightening effect of Tl+ on Cl-is just balanced by the stronger loosening of Tl+.
However, as a result of the one-sided action within the vaporized molecules, the interionic distance in TICI (2.55) is much smaller than in RbCl (2.S9) and only a little larger than in NaCl (2.51); in Til the distance (2.S7) is even smaller than in NaI (2.90).
The short distances within the thallous halide molecules show a strong deformation of ions and confirm the conclusion,6 based on absorption spectra, that their structure is nearer to covalent than to ionic. This explains the fact that TlCl is distinctly less dissociated 7 in aqueous solution than alkali halides, as well as its low boiling point (S06°C; that of RbCl is 13S3°).
In connection with these one-sided polarization effects, it is of interest that in both the rhombic TIF and Til, there different inter ionic distances occur. In TIF each ion is connected with three pairs of oppositely charged ions at the distances 2.59, 2.75 and 3.04A.8 In Til there is one neighbor at the distance 3.36, four are at 3.49 and two at 3.S7A.g
The smallest of the three distances lies between those of the corresponding solid Na-and K-salts. The largest is nearest to that in CsF (3.00) and CsI (3.95), respectively. One can assume that the longest distance in both TIF and TII is due to the loosening effect by the anions interpenetrating the TI+ and is influenced especially by the two extra electrons in the outer shell of TI+, which contribute to its high polarizability. The smallest distance must be due to the tightening of the anions by TI+.
• L. Helmholz, Zeits. f. Krist. 95, 129 (1936).
Thermal Transitions in Ammonium and Silver
Trihydrogen Paraperiodates* A T low temperatures the salts KH2P04 and KH2As04 become spontaneously polarized; an entropy change! and corresponding thermal effect are associated with the transition from the polarized to the un polarized state. According to the theory of the transition as given by Slater,2 the unusual properties of these salts are due to the various arrangements of the hydrogen ions which form hydrogen bonds joining the phosphate or arsenate groups to each other. Insofar as the hydrogen bonds are concerned, the structure' of (NH4)2H,I06 is similar to that of KH2P04 except that the octahedral 106 ion is linked to neighboring paraperiodate groups by six hydrogen bonds while the tetrahedral phosphate group has only fOll! hydrogen bonds. In both cases the hydrogen bonds are unsymmetrically arranged around the central group and a preferred orientation of the hydrogens at low temperatures is possible. This configuration of lowest energy is the polarized form of KH2P04• In view of these similarities, one would expect a transition in (NH4)2H,I06 similar to the transition in KH2P04 but with a somewhat higher entropy change due to the larger number of hydrogen bonds.
Preliminary measurements were made in a simple coolingcurve apparatus and a maximum was found in the heat capacity of the ammonium trihydrogen paraperiodate at 254°K. This transition is presumably caused by the hydrogen bonds, although there is a possibility that the ammonium groups, which cause similar transitions in many ammonium salts, are responsible. Ag2H,I0 6, which is isomorphous with the ammonium salt, has a transition with a maximum in the heat capacity at about 227°K. The reorientation of the hydrogen bonds is the only plausible explanation for this transition, and the presence of the transition is additional evidence that the formula for this salt is not Ag,I 2 0 g ·3H 2 0 as it is frequently written. The corresponding' sodium salt, Na 2H,I0 6, has a different external crystallographic symmetry and exhibits no transition between liquid air and room temperature.
The silver and ammonium salts would have zero entropy at the absolute zero, because an ordered arrangement of the hydrogen bonds occurs below the transition temperatures. Without further information concerning the positions of the hydrogens in the sodium salt, it is impossible to say whether or not an entropy calculation from low temperature heat capacity data would be correct. A residual entropy associated with a random orientation of the hydrogen bonds may persist to the lowest attainable temperature, as in the case of ice,' or an ordered arrangemept of zero entropy may already exist at room temperature.
The presence of the transitions in the ammonium and silver salts leaves little doubt that the hydrogen bonds arc respol'sible. On the basis of the hydrogen bond theory, the total entropy change associated with the transitions in the trihydrogen paraperiodates is R log 5/2 in contrast to R log 3/2 for the dihydrogen phosphates. Further studies are planned to test this prediction, and to investigate the spontaneous polarization and anomalous piezoelectric effect which are also predicted.
